Abstract. In this paper we introduce and study s-precontinuous multifunctions as a generalization of s-continuous multifunctions and precontinuous multifunctions. Several characterizations and some basic properties of such multifunctions are investigated.
Introduction
Let X and Y be topological spaces. A function / : X -> Y is said to be s-continuous [4] if for each x G X and every open set V containing f(x) and having connected complement, there exists an open set U C X containing x such that f(U) C V. Lipski [7] extended the notion of s-continuous functions to the setting of multifunctions. In 1978, Smithson [16] and Popa [12] introduced independently the concept of almost continuous multifunctions (in the sense of Husain) in topological spaces. In 1988, Popa [13] introduced the notion of precontinuous multifunctions and showed that ii-almost continuity and precontinuity are equivalent for multifunctions.
In this paper, we introduce and study s-precontinuous multifunctions as a generalization of s-continuous multifunctions and precontinuous multifunctions. Several characterizations and some basic properties of such multifunctions are investigated.
Preliminaries
Let X be a topological space and A a subset of X. The closure of A and the interior of A are denoted by CI (A) and Int(A), respectively. A subset A is said to be preopen [8] (resp. semi-open [6},a-open [10] ) if A C Int(Cl(j4)) (resp. A C Cl(Int(A)), A C Int(Cl(Int(A)))). The family of all preopen sets of X containing a point a; 6 I is denoted by PO(X, x). The family of all preopen (resp. semi-open) sets in X is denoted by PO(X) (resp. SO(X)).
The complement of a preopen set is said to be preclosed [3] . The intersection of all preclosed sets of X containing A is called the preclosure [3] of A and is denoted by pCl(-A). The union of all preopen sets of X contained in A is called the preinterior of A and is denoted by pint (A). It is obvious that X -pCl(^) = pInt(X -A) for ever subset A of X. 
)). Thus F+(V) C Int(Cl(F+(V))) and hence F+(V) e PO(X).
(2) => ( 
Therefore, we obtain F + (Int(5)) C pint(F + (B)). C pInt(F+(V)). Put U = pInt(F + (V)), then U € PO(X,®) and F(U) C V. This shows that F is s-precontinuous. 
LEMMA 2 (Kovacevic [5]). If A is an a-regular a-paracompact set of a space

X and U is an open neighborhood of A, then there exists an open set G of X such that Ac Gc C1(G) C U.
LEMMA 3 (Noiri and Popa [14]). If F : X -> Y is a multifunction such that F(x) is a-paracompact a-regular for each x G X, then for each open set V of Y(CIF)+(V) = (pCLF)+(TO = F+(V).
THEOREM 3. Let F : X ->Y be a multifunction such that F(x) is a-regular a-paracompact for each x G X. Then the following are equivalent: (1) F is upper s-precontinuous; (2) pCIF is upper s-precontinuous; (3) CI F is upper s-precontinuous.
Proof. We set G=pClF or CIF. Suppose that F is upper s-precontinuous. Let V be any open set of Y containing G(x) and having connected complement. By Lemma 3, we have G
+ {y) = F + (V) and hence there exists U G PO(X, x) such that F(U) C V. Since F(u) is a-paracompact and a-regular for each u G U, by Lemma 2 there exists an open set H such that F(u) C H C CI(H) C V; hence G(u) C Cl(ff) C V for every u G U. Therefore, we obtain G(U) C V. This shows that G is upper s-precontinuous.
Conversely, suppose that G is upper s-precontinuous. Let x G X and V be any open set of Y containing F(x) and having connected complement. By Lemma 3, we have x G F + (V) = G + (V) and hence G(x) C V. There exists U G PO(X, x) such that G{U) C V. Therefore, we obtain U C G + (V) = F + (V) and hence F(U) C V. This shows that F is upper s-precontinuous.
LEMMA 4 (Noiri and Popa [14] ).
If F : X Y is a multifunction, then (CIF)-(F) = (pClF)-(V) = F~(V) for each open set V of Y.
THEOREM 4. For a multifunction F : X -> Y, the following are equivalent: (1) F is lower s-precontinuous; (2) pCIF is lower s-precontinuous; (3) CI F is lower s-precontinuous.
Proof. By using Lemma 4 this is shown similarly as in Theorem 3.
LEMMA 5 (Mashhour et al. [9] ). Let U and Xo be subsets of a topological space X. Proof. This is an immediate consequence of Theorems 5 and 6 (resp. Theorems 7 and 8).
THEOREM 8. A multifunction f : X -• Y is lower s-precontinuous if for each x £ X there exists XQ £ PO(X, x) such that the restriction F/x 0 • XQ -> Y is lower s-precontinuous.
Some properties
THEOREM 9. If F : X ^ Y is a lower s-precontinuous multifunction and F(A) is connected for every subset A of X, then F is lower precontinuous.
Proof. Let A be any subset of X. Since C\(F(A)) is closed and connected, by Theorem 2 F+(Cl(F(A))) is preclosed in X and A c F+(F(A)) C F+(Cl(F(A))).
Thus, we have pCl(A) C F+(Cl(F{A))) and F(pCl(A)) C C1(F(A)). It follows from [13, Theorem 2.4] that F is lower precontinuous. Proof. Suppose that GF is upper s-precontinuous. Let x G X and V be an open set of Y containing F(x) and having the connected complement.
Then X x V is an open set of 1x7 and has connected complement. Since
Therefore, by Lemma 6 we obtain U C Gp(X x V) = F + (V) and hence F(U) C V. This shows that F is upper s-precontinuous. The case for lower s-precontinuous is similar. The prefrontier [15] of a subset A of a space X, denoted by pFr(^4), is defined by pFr(A) = pCl(A) n pCl(X -A) = pCl(^l) -pint (A). F) ). This is a contradiction and hence F is not upper s-precontinuous at x. The case for lower s-precontinuous is similar.
